Abstract: Brachypodium is well suited as a model system for temperate grasses because of its compact genome and a range of biological features. In an effort to develop resources for genome research in this emerging model species, we constructed 2 bacterial artificial chromosome (BAC) libraries from an inbred diploid Brachypodium distachyon line, Bd21, using restriction enzymes HindIII and BamHI. A total of 73 728 clones (36 864 per BAC library) were picked and arrayed in 192 384-well plates. The average insert size for the BamHI and HindIII libraries is estimated to be 100 and 105 kb, respectively, and inserts of chloroplast origin account for 4.4% and 2.4%, respectively. The libraries individually represent 9.4-and 9.9-fold haploid genome equivalents with combined 19.3-fold genome coverage, based on a genome size of 355 Mb reported for the diploid Brachypodium, implying a 99.99% probability that any given specific sequence will be present in each library. Hybridization of the libraries with 8 starch biosynthesis genes was used to empirically evaluate this theoretical genome coverage; the frequency at which these genes were present in the library clones gave an estimated coverage of 11.6-and 19.6-fold genome equivalents. To obtain a first view of the sequence composition of the Brachypodium genome, 2185 BAC end sequences (BES) representing 1.3 Mb of random genomic sequence were compared with the NCBI GenBank database and the GIRI repeat database. Using a cutoff expectation value of E < 10 -10 , only 3.3% of the BESs showed similarity to repetitive sequences in the existing database, whereas 40.0% had matches to the sequences in the EST database, suggesting that a considerable portion of the Brachypodium genome is likely transcribed. When the BESs were compared with individual EST databases, more matches hit wheat than maize, although their EST collections are of a similar size, further supporting the close relationship between Brachypodium and the Triticeae. Moreover, 122 BESs have significant matches to wheat ESTs mapped to individual chromosome bin positions. These BACs represent colinear regions containing the mapped wheat ESTs and would be useful in identifying additional markers for specific wheat chromosome regions.
Introduction
The grass family (Poaceae), which includes major crops such as rice, maize, wheat, and barley, is the most economically important family in the plant kingdom. The wealth of genomics information obtained from model plants (i.e., Arabidopsis and rice) has greatly increased our knowledge of related plant species and allows us to design effective strategies for map-based cloning of genes from crop species with large and complex genomes. This is partially due to conservation of gene content and order (colinearity) in related grass genomes (Devos and Gale 1997) . Despite this general trend of conservation, exceptions to colinearity are often observed among grass genomes (Guyot et al. 2004; Li and Gill 2002; Ramakrishna et al. 2002) . Grass genomes are evolutionarily labile for many characteristics, including chromosome number and genome size (Gaut 2002) . In addition, dynamic sequence changes such as insertions, deletions, duplications, and translocations can further complicate the use of many regions of the rice genome for cross-species comparison with other grasses, such as wheat and barley (Sorrells et al. 2003) . Therefore, for genome studies in wheat, barley, and other temperate grasses, a ''model grass genome'' that is more closely related to these species than rice will serve as a better intermediate for comparative analysis (Draper et al. 2001; Foote et al. 2004) .
The genus Brachypodium and wheat belong to the same subfamily, Pooideae, which diverged from the subfamily Ehrhartoideae, to which rice belongs, nearly 50 million years ago (mya) (Gaut 2002) . Within the genus Brachypodium, Brachypodium distachyon is an annual species with 1C nuclear genome size of about 0.36-0.4 pg in diploid accessions (2n = 2x = 10), equivalent to 300 Mb (Bennett and Leitch 2005; Vogel et al. 2006a) . Therefore, the size of the diploid Brachypodium genome falls between Arabidopsis (0.16 pg) and rice (0.495 pg) (Bennett and Leitch 2005) . Recently, a phylogenetic analysis with nuclear DNA sequence data from a subset of Brachypodium ESTs has reinforced the close evolutionary relationships between Brachypodium, wheat, and barley (Vogel et al. 2006b ). Because of its compact genome size, along with a range of other biological features, such as small physical size, short life cycle, and undemanding growth requirements, Brachypodium has been proposed as a model system for temperate grasses (Draper et al. 2001) .
There have been recent reports of progress in developing Brachypodium as a model system. For instance, more than 2 dozen reference inbred lines, including diploids derived from single-seed descent, have been developed for the research community and rapid-cycling conditions were identified (Vogel et al. 2006a ). High-efficiency genetic transformation of Brachypodium distachyon via microprojectile bombardment and Agrobacterium has been reported (Christiansen et al. 2005; Vogel et al. 2006a) . A total of 20 440 expressed sequence tags (ESTs) were generated from 5 Brachypodium cDNA libraries constructed from various tissues (Vogel et al. 2006b) . A large-insert library is one important remaining requirement necessary for structural and functional genomics studies on this emerging grass model species. The availability of large DNA fragments cloned into BACs and organized in a library with redundant genome coverage has made it possible to construct physical maps for entire genomes. Such overlapping BAC-based physical maps are valuable to the process of map-based or positional cloning of genes of interest. In addition, BAC libraries are useful in elucidating genome structure and organization and in comparisons with other related genomes. Previously, a BAC library was constructed for Brachypodium sylvaticum and successfully used for comparative analysis between this species, rice, and wheat (Foote et al. 2004) . Further, the isolation of the major chromosome-pairing locus Ph1 in polyploid wheat demonstrated the usefulness of the B. sylvaticum sequence in comparative analysis and marker development in targeted wheat regions (Griffiths et al. 2006) . However, B. sylvaticum is a perennial species with an estimated genome size of 470 Mb, which is considerably larger than the diploid B. distachyon accessions (Bennett and Leitch 2005; Foote et al. 2004; Vogel et al. 2006a ). A BAC library was constructed from the diploid B. distachyon (Hasterok et al. 2006) . However, the genome coverage of this library is only 2.22-fold, which is insufficient for either developing a BAC-based whole-genome physical map through BAC fingerprinting or positional cloning of genes. Also, this library was not constructed using inbred lines. Thus, polymorphisms in the population of plants used to construct the library would lead to difficulties in assembling a map based on BAC fingerprints.
In this study, we report the construction and characterization of 2 deep-coverage BAC libraries for B. distachyon, which are to be used as resources for genomics studies on this emerging model species. Pilot sequencing of BAC ends was performed to provide a first view of the sequence composition of Brachypodium's compact genome. Our results indicate that BAC end sequencing is an efficient and informative approach to anchoring BAC clones to the well-annotated rice genome and identifying orthologous regions of wheat for comparative analysis.
Materials and methods

Plant material
An inbred diploid line of B. distachyon, Bd21 derived from a single-seed descent (Vogel et al. 2006a) , was used for BAC library construction. Seeds were germinated on filter paper and cold treated at 4 8C for 7 d to synchronize germination, then transferred to a soilless mixture in a greenhouse. The greenhouse was maintained at~24 8C during the day and~18 8C at night. Before harvesting, 3-week-old seedlings were placed in the dark for an additional 5 d. Approximately 60 g of leaf material was harvested from each tray. The seedlings were frozen in liquid nitrogen and then stored at -80 8C.
BAC library construction
Nuclei were isolated from~60 g of seedling tissue according to the protocol previously reported (Zhang et al. 1995) . The nuclei containing the high-molecular-weight DNA was then embedded in agarose plugs. Partial digestions of DNA with BamHI (New England BioLabs, Beverly, Mass.) and HindIII (Roche, Indianapolis, Ind.) restriction endonucleases were performed using different enzyme concentrations ranging from 0.1 to 10 U. DNA fragments were separated by pulsed-field gel electrophoresis (PFGE; CHEF-DRII system, BioRad, Hercules, Calif.), and fragments in the size range of 150-350 kb were excised from the gel. DNA was electroeluted from the excised gel slices in 0.5Â Tris-borate-EDTA (TBE) buffer using Spectra/Pro 7 dialysis membranes (SpectrumLabs, Rancho Dominguez, Calif.). Purified highmolecular-weight DNA was ligated to CopyControl TM pCC1BAC TM (either HindIII or BamHI Cloning-Ready) vector (Epicentre, Madison, Wis.). The ligation mixture was then used to transform TransforMax TM EPI300 TM Electrocompetent Escherichia coli (Epicentre). Transformants were plated onto Q-trays (Genetix, Hampshire, UK) with LuriaBertani agar medium containing 90 mg/mL isopropyl-b-Dthiogalactopyranoside (IPTG), 90 mg/mL X-gal, and 12.5 mg/mL of chloramphenicol to provide blue-white and antibiotic selection. The amount of plated cells was adjusted to produce no more than 1500 colonies/Q-Tray. Plates were incubated at 37 8C overnight. White colonies were picked into 384-well plates using a Q-Bot (Genetix). Each well in the 384-well plates contained 80 mL freezing media with 12.5 mg/mL of chloramphenicol (Woo et al. 1994) . Plates were incubated overnight at 37 8C and stored at -80 8C.
Picked clones from each library were also gridded on 22.5 cm Â 22.5 cm Biodyne Plus membrane filters (PallGelman, Ann Arbor, Mich.) using a Q-Bot. Each clone was double-spotted in 4 Â 4 arrays, allowing representation of 18 432 different clones per filter; each library fit onto 2 filters.
BAC insert analysis
One hundred random BACs from each library were selected for estimating the average insert size of the library. BAC DNA was isolated using a REAL Prep 96 Plasmid Kit (Qiagen, Valencia, Calif.). Purified BAC DNA was digested with NotI to release the BAC insert (New England BioLabs, Beverly, Mass.) and then separated by PFGE in 1% w/v agarose gel in 0.5Â TBE buffer. The sizes of BAC inserts were determined based on comparison with MidRange I PFG markers (New England BioLabs).
BAC library screening
Sequences of genes involved in starch biosynthesis in wheat and barley were used to BLAST against Brachypodium ESTs derived from leaf, callus, stem, and seed cDNA libraries (Vogel et al. 2006a) . Eight Brachypodium ESTs (Table 1) were selected as probes to screen the Brachypodium BAC library. Inserted DNA fragments were prepared free of plasmid sequence by excising the insert with a restriction enzyme and subsequent gel purification using a QIAquick Gel Extraction Kit (Qiagen). The level of chloroplast contamination for the libraries was determined by hybridization of a single high-density BAC filter from each library with fragments of the rbcL and petD chloroplast genes as described previously (Cenci et al. 2003) . DNA was labeled with 32 P dCTP using a DECAprime TM II Random Priming DNA Labeling Kit (Ambion, Austin, Tex.) following the manufacturer's instructions. Hybridization was carried out at 65 8C overnight in a buffer containing 0.36 mol/L Na 2 HPO 4 , 0.14 mol/L NaH 2 PO 4 , 7% sodium dodecyl sulfate (SDS), 1% bovine serum albumi (BSA), 3 mmol/L EDTA, and 0.1% sheared salmon sperm DNA. Filters were washed at 65 8C in a solution containing 0.5Â SSC and 0.1% SDS. Whittier et al. 1987 Southern hybridization analysis Genomic DNA (~5 mg) of Brachypodium line Bd21 was digested with HindIII, EcoRI, BamHI, SacII (New England BioLabs), and SstI (Invitrogen, Carlsbad, Calif.) at concentrations of 2 U/mg DNA, separated in a 0.8% w/v agarose gel, and transferred to Hybond N+ membranes (Amersham, Piscataway, N.J.). The filter blot was individually probed with each 32 P-labeled EST insert fragment. Hybridization was performed as described for BAC library screening.
BAC-end sequencing and sequence analysis
For BAC-end sequencing, 5 mL of BAC DNA (~0.2-0.5 mg), isolated using a REAL Pre 96 Plasmid Kit, was used in a sequencing reaction with BigDye version 3.1 (Applied Biosystems, Foster City, Calif.). Template DNA was sequenced from both directions with pCC1BAC-pIndigoBAC-5 forward and reverse end-sequencing primer (Epicentre). The trace files generated by an ABI 3730xl genetic analyzer were quality-analyzed with the PHRED software package (http:// www.phrap.com). Vector sequence was removed using the CROSS_MATCH software with minmatch 10 and minscore 20 settings (Ewing et al. 1998; Lazo et al. 2004) .
General steps of database comparison for the quality BAC-end sequences (BES) were first compared with the GenBank nonredundant database to identify matches to known sequences, and then to individual EST databases using the BLASTn algorithm. Both the expect value (E value) and the bit score of the best match for each BES were extracted. At the time the BLAST searches were conducted, the entire EST database contained 19 872 141 sequences, whereas the wheat, maize, rice, and Brachypodium EST databases contained 600 205, 686 395, 407 545, and 20 440 sequences, respectively. The matches in each BLAST search were divided into 3 categories based on E value thresholds of 10 -10 , 10 -30 , and 10 -50 . The number of BESs that fell into each category was counted. When different bit scores of 75, 125, and 200 were used to categorize sequence matches, similar results were obtained as compared with those using different E value cutoffs.
Brachypodium BESs were also used in a homology search against the RiceGAAS (http://RiceGAAS.dna.affrc.go.jp/) and mapped wheat ESTs to determine matches to mapped sequences in rice and wheat. The RiceGAAS dataset is the culmination of genome annotation of the BACs for the rice genome, each with annotated gene predictions and its location against the rice genome (Sakata et al. 2002) . When a collection of 7772 ESTs from wheat were used as probes, over 16 000 loci were mapped to the wheat genome (Qi et al. 2004); a general comparison of BESs to the mapped ESTs was performed in a BLAST search using E value threshold of 10 -10 . In addition, the proportion of BESs represented by known repetitive elements was estimated by a search against the GIRI repeat database (http://www.girinst. org) that contains a collection of repetitive elements from various organisms, including rice, maize, wheat, and barley (Jurka et al. 1996) .
Results and discussion
BAC library construction and characterization
In an effort to develop critical genomics resources for Brachypodium, we constructed 2 BAC libraries from the inbred diploid line Bd21, previously used for the construction of cDNA libraries and EST sequencing (Vogel et al. 2006b ). The libraries were constructed using different restriction enzymes, HindIII and BamHI, to avoid the bias and cloning artifacts associated with BAC libraries constructed using single restriction enzymes. To estimate the average insert size, DNA purified from randomly selected BAC clones was digested with NotI and DNA fragments were resolved by PFGE (Fig. 1A) . The average insert sizes for the HindIII and BamHI libraries were 105 and 100 kb, respectively, with insert sizes ranging from 30 to 200 kb. Based on this analysis, over 80% of the BAC clones were shown to carry a DNA insert larger than 80 kb, and only 3% had inserts smaller than 50 kb (Fig. 1B) . The total percentage of empty clones for each library was estimated to be 4.6% and 5.1%, respectively. Because NotI recognizes an 8 bp GC sequence, digestion typically generated between 1 and 6 fragments per BAC clone insert (Fig. 1A) , suggesting the B. distachyon genome might be moderately GC rich like other monocot genomes (Wang et al. 1995; Woo et al. 1994) .
To evaluate the level of chloroplast contamination in the libraries, one BAC filter from each HindIII and BamHI library was hybridized with probes corresponding to the wheat chloroplast genes rbcL and petD. Hybridization of these filters showed that 2.4% of the HindIII library clones and 4.4% of the BamHI library clones were contaminated by cpDNA. Individually, the 2 libraries theoretically represent 9.9-and 9.4-fold coverage of the Brachypodium genome based on a genome size of 355 Mb (Bennett and Leitch 2005; Vogel et al. 2006a) . The coverage provides a 99.99% probability of recovering any gene sequence present in the genome from either of the Brachypodium BAC libraries (Clarke and Carbon 1976) .
BAC library screening and genomic hybridization with starch biosynthesis genes
To further validate the theoretical genome coverage of each BAC library, we hybridized the BAC libraries with probes for genes with well-characterized functions. Genes encoding enzymes involved in starch biosynthesis have been extensively studied (Tetlow et al. 2004 ). Because of the close evolutionary relationship between Brachypodium and Triticeae species, we used 10 wheat and barley starch biosynthesis gene sequences for a BLAST search against a collection of 20 440 Brachypodium ESTs (Vogel et al. 2006b ). Eight wheat and barley starch biosynthesis genes had strong matches to the Brachypodium EST sequences (Table 1) . These 8 Brachypodium ESTs were selected and used as probes in genomic Southern hybridization analysis to determine the copy number of the corresponding genes in the Brachypodium genome (Fig. 2) . Among them, homologues of the wheat SBE1 (Rahman et al. 1999) , isoamylase (Rahman et al. 2003) , and b-amylase (GenBank accession No. X98504) are single-copy genes, whereas the other genes, GBSSI (Clark et al. 1991) , GBSSII (Vrinten and Nakamura 2000) , SBEII (Rahman et al. 2001) , andamylase (Whittier et al. 1987) , each have 2 copies in the Brachypodium genome (Table 1) . Only AGPase (Ali et al. 2000) has 3 copies ( Table 1) . The remaining 2 genes, Ss2a-1 and Ss2a-2, which encode the same class of wheat starch synthase isoforms (Gao and Chibbar 2000) , did not show any significant matches in the current Brachypodium EST collection and were not used in the analysis. The Brachypodium EST probes were then used to screen a BAC filter containing 18 432 BAC clones from each library. A total of 88 and 151 clones were recovered from the BamHI and HindIII libraries, respectively (Table 1) . As expected, the number of positive BAC clones for each gene varied from 3 for both the isoamylase and b-amylase genes to 43 for AGPase. Using the genome copy number for each of the 8 genes determined by Southern hybridization analysis and the number of positive clones recovered in the BAC screening, we empirically calculated the genome coverage for the BamHI and HindIII libraries to be 11.6 and 19.6, respectively. The empirical data is higher than that estimated based on average insert size of BAC clones, particularly for the HindIII BAC library. This may simply be due to a sampling variation. However, since we sampled 8 genes, an alternative explanation is that the Brachypodium genome is smaller than the estimated value (355 Mb) we used to predict genome coverage. It has been noted that different C values have been reported for the diploid B. distachyon genome, with estimated genome sizes ranging from 294 to 355 Mb (Bennett and Leitch 2005; Vogel et al. 2006a) . A closer estimate of the true genome size will depend on more experimental information from a whole-genome physical map or the sequence of the entire genome.
BAC-end sequencing and data analysis
It has been reported that genomes of Brachypodium spe- Fig. 3 . In silico mapping of Brachypodium BAC clones to wheat chromosome bins. BESs of Brachypodium clones were used to conduct BLAST searches against a set of mapped wheat ESTs (Qi et al. 2004) . BESs that found matches with E < 10 -10 were assigned to individual wheat chromosome bins based on the corresponding map positions of matched wheat ESTs. The color in the heat map represents the relative density of mapped wheat ESTs in a bin. The number to the right of the bin represents the number of matched BESs. The number in the bracket represents matches to a region larger than a single bin. The number below the chromosome represents BESs that were matched to the chromosome only and not placed in a bin.
cies contain less than 15% highly repetitive DNA (Catalan et al. 1995) . To obtain a first view of the sequence composition of this compact genome, we performed a pilot BAC-end sequencing of the library clones. A total of 2185 high-quality BESs were generated from the 2 BAC libraries. The highquality sequences were defined as those having Phred scores 20 and read lengths of over 100 bp after removing the vector and organelle-contaminated sequences. The total length of BESs, derived from the Brachypodium nuclear genome, was 1.3 Mb, with an average length of 563 bp/BES. These BESs represent a random sample of the genomic sequences of Brachypodium species. The GC content of the BESs is 45.2%, which is very similar to those obtained previously for other monocot genomes Yu et al. 2002) . The BESs were used in BLAST searches against several databases including the GIRI repeat sequence database, various EST databases, and the rice genome database (RiceGAAS) (http://ricegaas.dna.affrc.go.jp/). When the sequences were used to perform BLAST searches against the NCBI EST database (excluding human and mouse ESTs), 40.0% of the sequences had matches with E values <10 -10 (Table 2 ). Even at E < 10 -50 , 16.5% of BESs still found a match, suggesting that a considerable portion of the Brachypodium genome is similar to known transcribed sequences. To evaluate the amount of repetitive sequences in the genome, a search was performed against the GIRI repeat database, which contains a collection of repeat sequences from various organisms including Arabidopsis, rice, maize, wheat, and barley (http://www.girinst.org/). Seventy-two BESs had matches to the repeat sequences with E values < 10 -10 , representing only 3.3% of the BESs. Although this result suggests a much lower content of repetitive DNA in the Brachypodium genome than in other cereal genomes (Akhunov et al. 2005; Haberer et al. 2005; Mao et al. 2000; Peterson et al. 2002) , it is also likely that this number is underestimated since repeat sequences unique to the Brachypodium genome are not represented in the GIRI repeat database and may have been missed in the BLAST search. Large-scale sequencing of genomic regions in Brachypodium will help us further understand the composition and evolution of repeat DNA in this compact genome.
The BESs were also used to search against individual Brachypodium, wheat, maize, and rice EST databases. At the time the BLAST search was performed, the number of ESTs present in each collection was 20 440 for Brachypodium, 600 205 for wheat (Triticum aestivum), 686 395 for maize (Zea mays), and 407 545 for rice (Oryza sativa). Despite the fact that Brachypodium has by far the smallest number of ESTs in the database, over 10% of the BESs have matches to the Brachypodium EST sequences at E < 10 -10 . At E < 10 -50 , 6.3% still find a match to the Brachypodium EST sequences. Maize has the highest number of ESTs in the database; however, nearly twice as many BESs had matches to wheat than to maize. Although it is possible that the ESTs sampled from different cDNA libraries for wheat and maize may have influenced the BLAST result, given the considerable difference in the number of matches at every different E-value cutoff, our data support that wheat and Brachypodium are more closely related. Despite the fact that the BESs have more matches to wheat than to rice ESTs, it is difficult to predict which species has a closer relationship to Brachypodium based on our BLAST results, since rice has a smaller EST collection in the database. However, our previous studies using a set of EST sequences in phylogenetic analysis has revealed that Brachypodium is more closely related to wheat and barley than it is to rice (Vogel et al. 2006b ). This result supports previous phylogenic studies (Kellogg 2001) .
The Brachypodium BESs were also used to perform BLAST search against the completed rice genome sequence. We found that almost 12% more sequences have matches to the rice genome sequence at E < 10 -10 compared with the BLAST search against the rice EST database, suggesting that these sequences are not transcribed or their expression is low and thus they are not represented in the rice dbEST collection. These sequences were further examined by searching the annotation of the corresponding regions in the rice genome. In most cases, these regions were annotated to contain putative proteinencoding sequences.
The availability of the complete rice genome sequence allows us to in silico map Brachypodium BESs to 12 individual rice chromosomes on the basis of E < 10 -10 (Table 3) . Rice chromosomes with larger sizes and greater numbers of genes tended to have more anchored Brachypodium BESs, suggesting that matched sequences are likely related to gene sequences. Taken together, our data indicate that BAC end sequencing is an efficient and informative approach to anchor markers to BAC clones. When more Brachypodium BESs are generated, an alignment of these sequences to the rice genome will not only provide a direct comparison of genome structure and organization between Brachypodium and rice, but also will be useful in developing a BAC-based physical map for the Brachypodium genome (Chen et al. 2004; Vollrath and Jaramillo-Babb 1999) .
Brachypodium has been proposed as a model system for temperate grasses including important crops with large genomes such as wheat and barley. In wheat, 7104 wheat EST unigenes have been mapped into a chromosome bin map using a set of wheat aneuploids and deletion stocks (Qi et al. 2004) . We searched the BESs against this set of mapped wheat ESTs. A significant match might suggest that the BAC insert represents a Brachypodium region that is colinear to the wheat region containing the mapped EST. There are 122 significant matches to different mapped wheat probe sequences. The positions with respect to the wheat A, B, and D genomes could be placed on 316 different loci (112 loci in the A genome, 110 in the B genome, and 98 in the D genome). Figure 3 shows the tentative assignment of 98 Brachypodium BAC clones into individual chromosome bin positions from 21 wheat chromosomes. It appears that the Brachypodium BACs are relatively evenly distributed across the wheat genome, supporting the randomness of our pilot BAC-end sequencing. These BAC clones will be useful in identifying additional markers near the mapped EST regions by BAC sequencing if detailed sequence information is required for a specific region (Ramakrishna and Bennetzen 2003) .
Application of the Brachypodium BAC libraries
The 2 deep-coverage Brachypodium BAC libraries con-structed with HindIII and BamHI restriction enzymes will provide a useful resource for genomics studies on this emerging model species. In wheat, map-based cloning of genes controlling important traits still represents a great challenge because of its extremely large genome size, high content of repetitive sequences, and polyploid nature (3 related subgenomes). Thus far, rice has served as a model for monocots. However, colinearity is often disturbed owing to rapid sequence rearrangements during genome evolution (Guyot et al. 2004; Li and Gill 2002) . Recently, the isolation and characterization of the Ph1 locus for chromosome pairing in polyploid wheat proved the usefulness of a second model species for comparative genomics and map-based cloning of genes in large and complex genomes (Griffiths et al. 2006 ). In the Ph1 region, more orthologous genes were identified between the related species B. sylvaticum and wheat as compared with rice and wheat. This work also demonstrated that the genus Brachypodium will be more useful for additional marker development in the Ph1 locus region, since sequences of B. sylvaticum can directly be used as probes for mapping through genomic Southern hybridization analyses. Several studies have been directed toward the development of genomics tools for Brachypodium (Chen et al. 2004; Christiansen et al. 2005; Draper et al. 2001; Foote et al. 2004; Hasterok et al. 2004; Hasterok et al. 2006; Vogel et al. 2006a; Vogel et al. 2006b ). The 2 BAC libraries constructed in this study will provide additional genomics resources for promoting Brachypodium as a model species for temperate grasses.
To increase the utility of genomic resources for this model species, an integrated physical and genetic map for Brachypodium needs to be developed. BAC-based physical maps can be readily generated by fingerprinting deep-coverage BAC libraries and subsequently assembling overlapping BACs to form contigs spanning large chromosome regions (Zhang and Wu 2001) . Such research is underway in our laboratories. In addition, the analysis of BESs shows that a high percentage of BESs has significant matches to gene-related sequences. The BAC end sequences can serve as sequencetag-connectors (STC) to anchor the BAC-based physical map. A BAC-based physical map with STC will be useful not only for accessing the Brachypodium genome for comparative analysis, but also will facilitate the development of an STC framework for sequencing the completed genome (Vollrath and Jaramillo-Babb 1999) . Clones and BAC filters from each library are available upon request from the authors.
